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suggests that ammonium transporters may be required for xylem loading. However, 82 the molecular mechanism involved in root-to-shoot translocation of ammonium has 83 remained unknown. 84 With regard to nitrate (NO 3 -), so far three members of the NPF (NRT1/PTR Family) 85 family of nitrate/peptide transporters have been implicated in the control of root-to- 150 To assess how AMT2;1 expression is regulated by N supply, transcript levels were 151 determined in roots after exposure to different N forms. Relative to growth in nitrate, 152 transcript levels of AMT2;1 were more than two-fold higher when plants were grown 153 in the absence of N for 5 days (Figure 1 ). In the presence of ammonium as the sole N 154 source, AMT2;1 mRNA levels increased only by about 50% irrespective of whether 1 155 or 10 mM ammonium were supplied. By contrast, when nitrate supply increased from 156 1 to 10 mM, AMT2;1 transcript levels further dropped. These observations suggested 157 that not only the plant N status but also the supply of different N forms exert a 158 regulatory effect on the expression of this gene (Figure 1) . 159 Earlier studies on the cell-type specific localization of AMT2;1 promoter activity have 160 produced seemingly discrepant results, as in one study AMT2;1 promoter activity was labeled NH 4 + in qko+21 was not significantly higher than that of qko ( Figure 3D ).
Regulation of AMT2;1 expression and localization by nitrogen

202
However, when 1 mM ammonium was supplied, AMT2;1 conferred about 40% higher 203 ammonium influx, while at 2 mM ammonium this effect was reduced to 15%.
204
Altogether, these results indicated that AMT2;1 slightly but significantly increases the 205 root ammonium uptake capacity in the millimolar concentration range. Figure 4A ). This went along with a 36% increase in 15 N accumulation in shoots of 217 qko+13+21 relative to qko+13, while the contribution of AMT2;1 was not significant in 218 qko+12 background ( Figure 4B ). When plants were exposed to 4 mM external 219 ammonium, 15 N accumulation in roots raised to much higher levels without showing 220 any effect of AMT2;1 in either genetic background ( Figure 4C ). However, co-221 expression of AMT2;1 in qko+13 or in qko+12 triple insertion lines resulted in a 32% 222 or 25% higher enrichment of 15 N in shoots, respectively ( Figure 4D ). These results
223
suggested that at high supply AMT2;1 facilitates ammonium translocation irrespective 224 of whether it has been radially transported via the apoplastic or symplastic route.
225
To more directly assess the involvement of AMT2;1 in long-distance transport of Figure 3B ). In contrast, external NH 4 + levels remained low in the medium containing 265 triple-mep∆ expressing AtAMT1;1 or AtAMT2;1. Although not excluding a putative 266 efflux activity of AMT2;1, these results further reinforced that AMT2;1 mediates 267 ammonium import and functions in ammonium retrieval.
268
To verify the involvement of AMT2;1 in root-to-shoot translocation of ammonium in an 269 alternative approach, we assessed 15 N partitioning in two independent amt2;1 T-DNA 270 insertion lines ( Figure 6A and 6B). In these lines we anticipated that the large 271 ammonium uptake capacity mediated by AMT1;1, AMT1;2 and AMT1;3 should 272 increase the requirement for AMT2;1 in the long-distance transport of ammonium, as concentrations in the xylem sap of wild-type and amt2;1-1 mutant plants exposed to 299 10 mM ammonium for 2 days. In N-deficient plants, NH 4 + levels in the xylem sap 300 were still in the millimolar range and only tended to be lower in amt2;1-1 ( Figure 7B ).
301
However, in ammonium-preconditioned plants, when NH 4 + concentrations in the 302 xylem sap were fourfold higher, significantly lower concentrations were detected in 303 the xylem sap of amt2;1-1 plants. This independent observation underscored a 304 significant contribution of AMT2;1 to root-to-shoot translocation of ammonium, and to 305 a smaller extent, to root ammonium uptake. reduced already after 2 h of exposure to 15 N-labeled ammonium ( Figure 6D ). As also 388 these plants were pre-cultured with ammonium, we further verified whether AMT2;1-389 dependent ammonium translocation is confined exclusively to plants exposed to high 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Here, we reassessed ammonium uptake by AMT2;1 in the wild-type and qko 413 background by supplying increasing concentrations of 15 N-labeled ammonium to N-414 deficient plants, which induces expression of AMT2;1 predominantly in outer roots 415 cells (Figure 2A-2C ). Only at millimolar substrate concentrations, AMT2;1 made a 416 small but significant contribution to net ammonium influx ( Figure 3D and 7A) . In 417 addition, we also show that AMT2;1 can efficiently retrieve ammonium when 418 expressed in the triple-mep∆ yeast mutant (Supplemental Figure 3B) . These Figures 3D and 7A) . In plants pre-conditioned to high ammonium, the increased 447 expression of AMT2;1 in endodermal and pericycle cells ( Figure 2G-2I) is associated 448 to changes of ammonium levels in the xylem sap ( Figures 5B and 7B ) but not of 449 ammonium uptake ( Figures 5A and 7A) . In line with this assumption, we observed that glutamine levels strongly increased in 468 xylem sap upon ammonium nutrition ( Figure 5C ). In addition, supply of 10 mM 15 N-469 labeled ammonium to gln1;2 resulted in a 52% reduction in shoot 15 N compared to Figure 5B ) and up to 18 mM in wild-type plants ( Figure 7B ).
480
In oilseed rape grown on ammonium as much as 11% of the total N translocated in 481 xylem sap was in the form of ammonium (Finnemann and Schjoerring, 1999) . In the 482 same study it was also observed that GS activity in roots was repressed in response 483 to high N availability, while the translocation of ammonium to shoots was enhanced.
484
The repression of GS could be associated with carbon limitation and might be containing 5 mM nitrate as sole nitrogen source for 7 days and exposed for 2 days to 663 nitrogen deficiency before transferring to MeA treatments. 
